Abstract. The aim of this study is to investigate the possibility of the Quark Gluon Plasma (QGP) formation in proton-proton (p-p) collisions. The p-p collisions at center of mass energies √ s N N = 200 GeV and √ s N N = 13 T eV were simulated using PYTHIA. These are the available energies of the current collider experiments; the Relativistic Heavy Ion Collider (RHIC), and the Large Hadron Collider (LHC). To search for the QGP Phase, the near-side yield to the away-side yield ratios were calculated for high transverse momentum particles. These ratios were then compared for the low and high multiplicity events as a function of transverse momentum. At the LHC energy in the high multiplicity events, the away-side yields show suppression compared with the near-side yields. This suppression might indicate the possibility of forming the QGP at the high-energy and high-multiplicity events in p-p collisions.
Introduction
Although a remarkable development of understanding our universe has been achieved over the last century, the physics of the early universe, the first second after the Big Bang, is still to be understood in great details. It is a widely accepted scenario that the elementary particles (Leptons & Quarks) and gauge bosons were highly energetic and freely streaming during the first micro-second after the Big Bang. A phase transition from such phase, Quark-Gluon Plasma (QGP) phase, to the hadronic phase (Mesons & Baryons) was expected to happen after the first micro-second from the Big Bang. So far, the cosmic microwave background signal represents the earliest signature for the formation of our universe. Such signal was traced back to 300,000 years after the Big Bang, where the baryonic matter was formed and matter became transparent to such signals. The idea of searching for earlier signals was proposed in 1974, directly after the asymptotic freedom discovery in Quantum Chromodynamics (QCD), and hence was the construction of the Relativistic Heavy Ion Colliders. Since the QGP formation in the collider experiments could provide more insight about the physics of the first second after the big bang, a worldwide effort has been carried out by RHIC and LHC in order to search for the QGP formation, the early phase of our universe. Interesting results from RHIC and LHC have indicated the possibility of the QGP formation in the nucleus-nucleus collisions. The suppression of the spectra of the strongly interacting particles (hadrons) in nucleus-nucleus collisions compared to the nucleon-nucleon collisions at LHC and RHIC suggests the strong interaction between the propagated partons and the formed QCD medium in nucleus-nucleus collisions. These results have been confirmed with the similar spectra of the electromagnetic interacting particles (direct photons) and the weakly interacting particles (Z 0 and W ± ) from nucleus-nucleus collisions and nucleon-nucleon collisions [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Combining these two sets of results significantly indicates the formation of the QGP in the central nucleusnucleus collisions (the event with high multiplicity). However, the absence of different levels of suppression for light vs. heavy quarks and quark vs. gluon jets, in contrast to the basic principle of QCD, made the extraction of the medium properties from the measured quantities less constrained. Due to the complexity of the underlying mechanisms for the event in the nucleus-nucleus collisions, the search for the medium formation in nucleon-nucleon collisions might represent a cleaner environment in order to extract the medium properties from the observables [19] , as the same theory governs the underlying mechanisms of the interactions. This study was proposed to search for the medium effects in nucleon-nucleon collisions. PYTHIA has been used to simulate the proton-proton collisions at similar energies of RHIC and LHC.
Analysis and Results

Data and Quality Assurance
The proton-proton collisions were simulated using PYTHIA 8 (version 8.185) [20] , with its default parameters, at two values of center of mass energies √ s NN = 200 GeV and √ s NN = 13 T eV corresponding to RHIC and LHC respectively. The events selected for this analysis were subjected to the following criteria: Each event must include at least a high transverse momentum particle, with p T > 3.0 GeV /c (trigger) that is produced within the kinematic region of pseudorapidity −2 < η < 2 and full azimuth −π < ∆φ < π, in order to resemble the detectors coverage and capabilities at the experiments. Figures 1, 2, and 3 show the transverse momentum, pseudorapidity, and the azimuthal distributions of the trigger particles respectively. The transverse momentum distributions exhibit more kinematics reach in the transverse momentum at higher center of mass energy (LHC, figure 1(b) ) compared to lower center of mass energy (RHIC, figure 1(a) ). The pseudorapdity distributions are almost uniform in the range of |η| < 2. The uniform distributions of the trigger particles in the azimuth (figure 3) are the most relevant ones to this analysis, which confirm that there is no bias in the azimuthal direction. Overall, the figures are very similar to the published ones at RHIC and LHC for the proton-proton collisions data [21, 22] . 
Two Particles Azimuthal Correlations (Correlation functions)
For each trigger particle, with |η| < 2 and p T > 3GeV /c, the relative azimuthal positions of all of the other particles in the same event within |η| < 2 are measured with respect to the azimuthal position of the trigger particle. The difference in azimuthal angle of the trigger particle and all other produced (associated) particles, within |η| < 2 and with transverse momentum less than trigger particles transverse momentum (p assoc T < p trg T ) in the same event, is calculated and recorded as ∆φ (figure 4), where ∆φ = φ trg -φ assoc . As shown in figure 4 , there is unique pattern in ∆φ as expected from the basic principles of QCD and its confinement features, that few of the produced particles are originated from the same parent parton, and are accordingly correlated, while the rest of the produced particles in the same event are a product of other fragmenting partons. The patterns of the two particles (trigger and associated) azimuthal correlation functions show two peaks around ∆φ = 0 and around ∆φ = π. The peak around ∆φ = 0 (near side) results from the strong correlations between the particles produced from the same parent parton. While the recoil parton away side, as a consequence of the energy-momentum conservations, fragments producing few particles which exhibit a peak around ∆φ = π (away side). The other entries in the histogram reflect the complexity of the underlying events in the strong interactions, where many other particles are produced from the fragmentation of other partons. The level of background azimuthally uncorrelated particles is higher at LHC, as shown in the figures, due to a higher available energy used for the particle production. It is obvious from figure 4 that the relative strength between the near and away sides are different from LHC and RHIC. This difference might be due to the different parton distribution function regions probed at the different center of mass energy, or due to the medium effect, QGP formation, produced at different energies. In order to check for the medium effect and the possibility of the QGP formation, the correlation functions were studied for different classes of events, low number of produced particles (low multiplicity) and high number of produced particles (high multiplicity), at the different center of mass energies of RHIC and LHC. In order to find how the correlated particles share the total energy of the original parent parton (fragmentation function), each ∆φ (figure 4) is divided into eight different z T bins at each center-of-mass energy, where z T is defined as the ratio between the transverse momenta of the associated particle and the trigger particle.
The defined z T measures the relative energy in terms of the trigger particle, since this analysis does not reconstruct the full jet. For the purpose of studying how the fragmentation functions D(z T ) depend on the event multiplicity classes (number of produced particles in each event), the normalized (per number of trigger particles) ∆φ figure is made for each z T bin for two multiplicity classes (low and high) at each one of the available center-of-mass energy. For RHIC energy, events with 0 < n ch ≤ 20, where n ch is the number of the produced charged particles, were considered as low multiplicity (figure 5), while events with 40 ≤ n ch ≤ 80 were considered as high multiplicity ( figure  6 ). For LHC energy, events with 0 < n ch ≤ 20 were considered as low multiplicity (figure 7), while runs with 40 ≤ n ch ≤ 120 were considered as high multiplicity ( figure  8) . One of the most important features of all correlation functions for each z T bin, for low and high multiplicity events at the different center-of-mass energies, is that the levels of uncorrelated background particles are strongly suppressed with increasing the z T values as expected. 
Yield Extractions
The number of associated particles per trigger, the yield per trigger 1
is found by counting the entries underneath the peaks within certain |∆φ| window after subtracting the background as determined from the straight line of the fit at the near side and the away side, as shown in figures 9-12. The integrating region for near side yield was |∆φ| < 0.63 and for the away side was |∆φ − π| < 0.63. For each z T bin, GeV at (a) low z T and (b) high z T .
As clearly shown from figure 13(a) and 14(a), the near side yields at RHIC and LHC for the low and high multiplicity events are approximately similar. However the yield at RHIC is harder than that at LHC in the away side, as shown in figures 13(b) and 14(b) . This difference might be due to two effects: different regions of the parton distribution functions being probed, and medium effect. First, the probed region at RHIC is higher than the probed one at LHC. From the deep inelastic scattering measurements [23] [24] [25] [26] [27] [28] [29] [30] , it is already known that the gluons significantly dominate the parton distribution functions at low region for the selected kinematic region for this analysis. Since the fragmentation function of the gluon jets is softer than that of the quark jets, it is expected the yield at RHIC to be harder than LHC within the same kinematic region. Second, the suppression of the away side at LHC with respect to RHIC for the same classes of events might also be due to the medium effect, where the energy density of the formed medium at LHC is expected to be higher than that at RHIC. In order to search for the medium effect, the quark-gluon plasma in proton-proton collisions, the ratio between the yields of the near side and away side at low and high multiplicity are calculated and plotted as a function of z T as shown in figure 15 .
At RHIC energy, the ratio is smaller than 1 and doesn't show any strong dependence on z T . These results are consistent with the previously published results at RHIC where the value of jet suppression and the two-particle azimuthal correlation show no dependence neither on p T nor z T [18] . However, the pattern of the results at LHC carries a different message, where the ratio of the low multiplicity events are smaller than 1 but higher than 1 for the high multiplicity events. The results at LHC suggest the medium effect for the event with high multiplicity, and accordingly the possibility of the QGP formation within those types of events. The formation of QGP or the medium effect at the high multiplicity event at LHC was recently observed through the ridge formation and the strangeness enhancement [17, 31] .
Conclusions
The aim of this study is to investigate the possibility of QGP formation in proton-proton collisions. The fact that the simulated results of this analysis have shown the suppression of the away side yields compared to the near-side yields at LHC energy for the events of high multiplicity demonstrate the possibility of medium formation in such type of collisions. In summary, the high-multiplicity events in proton-proton collisions could be used to create the quark-gluon plasma in a clean environment in order to extract the medium properties which is consistent with the recent published results at LHC [31] .
